Summa~:y. Cholesterol turnover, pool size, tissue exchange, and tissue content have been examined in normoeholesterolemic and hypercholesterolemie diabetic hamsters and matched nondiabetic eontrols following injection with radiolabelled cholesterol. In the hypereholesterolemie diabetics, turnover time of plasma cholesterol in both rapid and slow exchanging compartments was prolonged, and the size of the rapidly exehanging pool was increased. The total production rate of cholesterol did not appear to be altered in the hypercholesterolemie animals. In the normoeholesterolemie diabetics, no abnormalities in cholesterol turnover or pool size were apparent. Measurement of tissue specific activities from 2 to 56 days after labelled cholesterol administration suggested that much of the cholesterol in aorta, kidney, adipose tissue, muscle, and brain was in slowly exchanging pools. The rates of exchange of cholesterol between plasma, and tissues appeared similar bl the diabetic and control groups. Significant increases in tissue cholesterol content were observed in liver, intestine, aorta, and adipose tissue of the diabetic hypercholesterolemie hamsters. In the normoeholesterolemic diabetics, no abnormality in tissue cholesterol content was apparent except for a mild increase in intestinal cholesterol.
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Hyperlipidemia is present in a large percentage of diabetic patients [1] and is an important factor contributing to the high incidence of atheroselerotie disease in such individuals [2] . Minimal information is available concerning the influence of diabetes on cholesterol metabolism. The degree of control o~ hyperglycemia has been reported to influence serum lipids [3, 4] and the majority of patients with elevated level of very low density lipoproteins (VLDL) in plasma exhibit abnormal glucose tolerance [5] . Little association, however, has been noted between the levels of plasma insulin and plasma cholesterol [6] .
Hyperlipidemia has also been observed in a number of diabetic animal models. Howard has recently described significant hypertriglyceridemia and prebetalipoproteinemia in monkeys (macaca nigra) with spontaneous diabetes [7] . Experimental studies in alloxandiabetic rats [8] and squirrel monkeys [9] have demonstrated markedly elevated serum cholesterol concentrations when the animals were maintained on a high dietary cholesterol intake. In alloxan-diabetie rats fed a low cholesterol diet, liver cholesterol content has been reported to be significantly increased, even though plasma cholesterol may be normal [10] . Hepatic lipoprotein synthesis and release appeared to be decreased in the rat following alloxan treatment [11] as was the conversion of cholesterol to eholie acid [12] . The fractional turnover of plasma cholesterol has been reported to be reduced and the rapidly exchanging cholesterol compartment increased in alloxan-diabetic squirrel monkeys [9] .
We recently have observed spontaneous hypercholesterolemia and hypertriglyceridemia in diabetic Chinese hamsters (cricetulus griseus) [13] . In the current investigations we have expanded these studies and have examined the influence of diabetes on tissue sterol content and on cholesterol pool sizes and turnover rates.
Materials and Methods
The hamsters were mature animals obtained from the Upjohn colony. The diabetic animals had persistent glyeosuria and hyperglycemia but no evidence of ketosis. All diabetic animals were matched with a nondiabetic control of the same sex and of similar age and weight. The controls were selected from highly inbred sublines which had not produced diabetics for the past 5 generations. The animals ranged from 6 to 27 months of age and 23 to 39 g in weight. They were maintained on Purina Mouse Breeder Chow throughout the period of study. The hamsters were injected either intravenously into the jugular vein [14] or intraperitoneally with cholesterol -7-3H (50 Ci/mmole), which was prepared in 1 ~o alcoholic saline. The material was administered in a dose of 0.2 ~Ci/g body weight and a volume of 0.01 ml/g. Plasma samples were obtained prior to labelled cholesterol administration, at 1, 4, and 7 days following injection, and at weekly intervals thereafter until termination of the study. Blood was obtained from the orbital sinus [15] . Plasma cholesterol was determined by a micromodifieation of the method of Abell [16] , and plasma triglyceride by the densitometric technique of Downing [17] . Plasma cholesterol specific activity was assayed according to our previously described techniques [18] . For tissue specific activity measurements, the animals were sacrificed by decapitation on the second, thirty-fifth, or fifty-sixth day after labelled cholesterol administration. Segments of liver, lung, intestine, kidney, epididymal or periovarian fat, quadriceps and pectoralis muscles, skin, brain, and aorta were removed. The tissues were homogenized in chloroform : methanol (2 : 1) and the cholesterol content and radioactivity were determined as described [18] .
Blood glucose was assayed by the Autoanalyzer microglucose procedure and plasma insulin by a double antibody technique using guinea pig anti-insulin serum [19] . Urinary glucose was estimated by Testape| and urinary ketches by Ketostix| In 5 pairs of anireals, lipoprotein typing of plasma was performed by paper elcetrophoresis [20] .
Results
Both normocholesterolemic and hypercholesterolemic diabetic hamsters were included in the study groups. The normoeholestcrolemic diabetics and the nondiabetic control animals had fasting plasma cholesterol concentrations averaging below 170 mg~o while the hypcrcholesterolemic diabetics had plasma ward. No differences in the curves were apparent in the animals injected by either the intraperitoneal or intravenous route. In one-half of the animals, the curves fitted the model proposed for a 2-pool system [21] . Typical results in a nondiabetic hamster and a hypercholesterolemic diabetic are illustrated in Figures 1 and  2 respectively. In the other half of the animals, the peak level of plasma cholesterol specific activity was not reached in the initial 24 h after labelled cholesterol administration, and the initial rapidly exchanging compartment could not be estimated because of the limited number of plasma samples obtained during the initial phase of the study. Plasma disappearance curves from the fourth day on were comparable whether or not the specific activity achieved a peak level by 24 h.
The results of the indices of body cholesterol metabolism in the 5 pairs of animals in whom the rapidly exchanging compartment (Pool A) could be measured are summarized in Table 2 . The calculations were made according to the method of Goodman and Noble [21] . The mean t~ of pool A and the mass of pool A (Ma) were somewhat greater in the hypereholesterolemic cholesterol levels averaging above 200 mg% (Table 1) . Plasma cholesterol levels as high as 450 mg% were observed in the hypercholesterolemic diabetics along with marked increases in plasma triglycerides. Both diabetic groups had similar elevations of blood glucose concentrations, and neither had significant abnormalities in post-prandial plasma insulin concentrations (Table 1) . By eleetrophoresis, the 2 major plasma lipoprotein groups which appeared increased in the diabetic animals were a fraction with the electrophoretic mobility of a prealbumin and a fraction which did not migrate significantly from the origin. Dr. Charles Day (personal communication) has recently analyzed the plasma lipoproteins of the diabetic animals using ultracentrifugation techniques and has observed increases in the plasma VLDL fraction. The specific activity time curves for plasma cholesterol during periods of up to 56 days demonstrated a rapid decrease over the first 7 days followed by a slow rate of disappearance which approached an exponential rate of decay from the fourteenth day ondiabetics than in the matched controls. However, the calculated production rate of cholesterol in pool A (PleA) was similar in both groups. The major differences between the hypercholesterotemic diabetics and the nondiabetic controls were in the turnover rates of pool B (t 89 pool B) which were significantly increased in the hypercholesterolemic diabetics (Table 3 ). In the normocholesterolemic diabetics, no change in the turnover rate of pool B was present (Table 3) .
Cholesterol content of a variety of tissues was measured in the control and diabetic animals. Tissue cholesterol was significantly increased in the liver, aorta, intestine, and adipose tissue of the hypercholesterolemie animals (Table 4 ). In the normocholesterolemic diabetics (Table 5 ), significant increase in tissue cholesterol was present only in the intestine.
Tissue cholesterol specific activities at 35 and 56 days following cholesterol -7-~H administration arc summarized in Tables 6 and 7 . The changes in tissue specific activities with time in the hypercholesterolemic group are illustrated in Fig. 3 . The cholesterol specific activities of liver and lung approached that of plasma in each of the time points studied in both diabetic and control animals. The specific activities of aorta, kidney, adipose tissue, and muscle were initially very much lower than those of plasma, but later exceeded the plasma specific activity. The intestinal and skin specific activities showed a modest but consistent decrease below plasma levels while brain specific activity remained very low relative to plasma throughout the study. lesterol. Our preliminary evidence (unpublished observations) suggests that the hypereholesterolemia was more common in certain strains of the diabetic hamster, and it is possible that genetic factors other than those related to the diabetes itself may have influenced the level of serum lipids. However, hypercholesterolemia has never been observed in the nondiabetie Chinese hamsters.
Our studies concerning the lipoprotein patterns in these animals are incomplete, but studies by Day have 
Discussion
The hypercholesterolemia observed in the diabetic hamster did not appear related directly to the hyperglycemia or insulin abnormalities per se, since no significant differences in blood glucose and plasma insulin concentrations were present between the hypereholesterolemie and normoeholesterolemic diabetic groups. Accurate dietary measurements were not made, but since the same diets were fed to both diabetic groups and since the animal weights were comparable, the findings suggest that dietary differences would not be responsible for the observed differences in plasma cho- Recent studies by Bar-On and associates have indicated that apoprotein C-III of VLDL may be increased in streptozotocin-treated rats fed diets high in sucrose [22] . The C-III apoproteins are known inhibitors of lipoprotein lipase, and an increase in their concentration with diabetes conceivably could represent an important factor contributing to the development of the hyperlipidemia. The fractional turnover of cholesterol in the slouly exchanging compartment (Pool B) was significantly decreased in the hypercho]esterolemie diabetics as compared "with either the normocholesterolemic diabetics or the control animals. In those animals in which pool A measurements could be made, the fractional turnover of cholesterol in pool A was decreased, and the total size of the pool was increased in the hypercholesterolemic diabetics as compared with the controis. Similar results have been observed by Lehner et al. using alloxan-treated squirrel monkeys [9] . The increased size of pool A in the hypereholesterolemie animes from the diabetic hamster. Despite the decreased fractional turnover of cholesterol in the hypercholesterolemic hamsters, the total turnover in pool A was comparable to that of the normocholesterolemic animals. The changes in fractional turnover could reflect some compensatory mechanism for maintaining the total metabolism of cholesterol at relatively constant Values represent the mean 4-SEM for 17 pairs of animals. a p value < 0.05 b p value < 0.01 mals is not unexpected in view of the marked increase in plasma lipids. The cause of the decreases in fractional turnover of cholesterol is uncertain, although a decrease in conversion of cholesterol to cholic acid has been observed in alloxan-treated rats [12] . In preliminary studies by us, we have been unable to demonstrate any impairment in conversion of cholesterol to 7-d-hydroxycholesterol or bile acids in liver microso- The values are related to plasma cholesterol specific activity (dpm/mg cholesterol) which is arbitrarily designated at 1.00. Values represent the mean• for 4 non-diabetic animals, 7 normocholesterolemic diabetics, and 4 hypereholesterolemic diabetics. The values are related to plasma cholesterol specific activity (dpm/mg cholesterol) which is arbitrarily designated at 1.00. levels rather than a primary defect in the degradation of removal of cholesterol. The absence of differences in PRA between the diabetics and controls suggests that the total amount of new cholesterol entering via dietary intake and endogenous synthesis was comparable in the 2 groups. While such a conclusion depends on the assumption that no significant quantity of cholesterol is excreted from pool ]3, this assumption appears to be a valid one in view of previous observations in other animals. Days Fig. 3 . Tissue cholesterol specific activities at varying time intervals following the intravenous administration of eholesterol-7-3H in diabetic hamsters. The ordinate shows the specific activity of cholesterol in different tissues expressed as its ratio to plasma cholesterol specific activity (dpm/mg cholesterol) which is arbitrarily designated at
~

1.00
The difficulties experienced with determining cholesterol turnover in the rapidly exchanging compartment of some of the animals were related to the fact that the plasma cholesterol specific activity did not always reach a peak by 24 h after labelled cholesterol administration, and a sufficient number of plasma samples could not be obtained in the first 7--10 days to permit adequate delineation of the initial phases of the specific activity curve. It is well known that labelled cholesterol, when administered intravenously as a suspension, is taken up rapidly from the circulation, presumably by the reticuloendothelial system [23] . The release back into the circulation is generally complete in 24 h, and thereafter the disappearance curves of cholesterol specific activity are similar, whether the labelled cholesterol is injected initially as a particulate suspension or as lipoprotein-bound material. Our preliminary attempts to complex the labelled cholesterol to hamster l ipoproteins have been unsuccessful, and because of the size of the animals and the small total blood volume, we have been unable to bleed the animals more frequently than 4 times per week. However, despite the problems oeeasionMly encountered with determining the turnover of cholesterol in pool A, in all instances the fractional turnover rate in the slowly exchanging compartment could be assessed.
The tissue specific activities of kidney, adipose tissue, muscle, and aorta initially were much lower than that of plasma but exceeded the plasma specific activity at 5 and 8 weeks after administration of label. The results suggest that much of the cholesterol in these tissues is in a very slow exchanging pool. The relatively low specific activity in intestine throughout the study period is somewhat surprising. It could reflect a large pool of unlabelled stere] which has been absorbed from the diet and has not come into equilibrium with plasma cholesterol. Significant endogenous synthesis of cholesterol also could contribute to the low specific activities observed in the intestine.
Our calculations have assumed the presence of a 2-pool system. It is possible that the very slowly exchanging pools of cholesterol recently described in human subjects [24] may also be present in the hamster. Accurate estimations of the size of pool B would require knowledge concerning the existence of such additionM pools.
The increase in arterial cholesterol content in the hypercholesterolemic diabetic animals is consistent with our previous findings [13] . Aortic lesions have been observed by us in these animals [25] and may refleet the presence of early atherosclerotic disease. No increased aortic lipid synthesis has been observed in the diabetic hamster [13] , and a major determinant of the increased arterial lipid content may be the level of serum lipids and lipoproteins [13] .
The increase in cholesterol content of adipose tissue in the hypercholesterolemic hamsters is of interest although the cause of the increase is uncertain. The tissue specific activity measurements suggested that the adipose tissue cholesterol was primarily in a very slowly exchanging pool. Previous studies have indicated that adipose tissue is an important storage site of cholesterol [26] . In man, the size of pool ]3 and the PRa appear to be related significantly to the degree of adiposity [27] . The hamsters which we studied did not appear to be obese, and no abnormality in cholesterol pool size or turnover would be expected on the basis of increased fat content.
